Although many cubic equations of state coupled with van der Waals-one fluid mixing rules including temperature dependent interaction parameters are sufficient for representing phase equilibria and excess properties (excess molar enthalpy H E , excess molar volume V E , etc.), difficulties appear in the correlation and prediction of thermodynamic properties of complex mixtures at various temperature and pressure ranges. Great progress has been made by a new approach based on CEOS/G E models. This paper reviews the last six-year of progress achieved in modelling of the volumetric properties for complex binary and ternary systems of non-electrolytes by the CEOS and CEOS/G E approaches. In addition, the vdW1 and TCBT models were used to estimate the excess molar volume V E of ternary systems methanol + chloroform + benzene and 1-propanol + chloroform + benzene, as well as the corresponding binaries methanol + chloroform, chloroform + benzene, 1-propanol + chloroform and 1-propanol + benzene at 288.15-313.15 K and atmospheric pressure. Also, prediction of V E for both ternaries by empirical models (Radojković, Kohler, Jackob-Fitzner, Colinet, Tsao-Smith, Toop, Scatchard, Rastogi) was performed.
CEOS and CEOS/G E models are widely applied for the representation of vapour-liquid equilibria, VLE, liquid-liquid equilibria, LLE, and other thermodynamic properties of mixtures required for synthesis, design of chemical plants, optimization and development of chemical, gas processing, petrochemical and other industries. Since the first van der Waals-one fluid mixing rule was introduced, continuous effort has been made on the development of new mixing rules. Recently, great advancement was achieved by using G E mixing rules incorporated into CEOS equations.
The interest was focused on experimental measurements and thermodynamic modelling of mixtures containing various groups of organic compounds: alcohols, aromatics and alkyl chlorides, since they exhibit varying molecular interactions, resulting in specific deviations from ideal behaviour. In addition, these mixtures are important from a practical point of view, due to their diverse industrial applications and presence in main pollution generating industries and processes, causing air, water and soil contamination. Alcohols and aromatics are widely employed in a variety of industrial and consumer applications, such as perfumes, cosmetics, paint, varnish, drugs, fuel, explosives, fats, waxes, resin, plastics, rubber, detergents, DDT, etc. Chloroform is applied as a solvent in various industries, e.g., in the extraction of penicillin and other antibiotics in the pharmaceutical industry, for pesticides, fats, oils, rubber, alkaloids, waxes, etc. In a mixture with alcohol or benzene, chloroform is widely used as an eluting system, such as, for medical purposes, in radiopharmacy, in chemical reactions, etc.; also, chloroform and benzene are very often contained in the wastewater of different industries as pollutants having cancerous features.
One part of the present work is a review of experimental investigations of the volumetric properties of binary and ternary systems, performed at atomspheric pressure using Anton Paar digital vibrating U-tube densimeters: DMA 55 1,2 and DMA 5000, 3−8 with a precision ±1×10 −5 g cm −3 and ±1×10 −6 g cm -3 , respectively. In both cases, the samples were prepared by weight using mass balances having a precision ±1×10 −4 g. The experimental accuracy achieved by the DMA 55 densimeter was better than ±3×10 −5 g cm −3 , while the uncertainty in the density measured by the DMA 5000 densimeter was about ±1×10 −5 g cm −3 and the average uncertainty in the excess molar volume was estimated to be ±3×10 −3 cm 3 mol −1 .
The other goal of this work was to provide a review of the obtained results in recent investigations performed by the CEOS and CEOS/G E models on the evaluation of the volumetric properties of binary and ternary mixtures. 2−5,8−13 Also, for the ternary systems methanol + chloroform + benzene and 1-propanol + chloroform + benzene results of the prediction and correlation of V E values obtained by these models are presented, bearing in mind that previously 6, 7 only experi-mental data were published. In addition, the prediction of V E values for both ternaries was performed by frequently employed empirical models. Recently, published papers were connected to some advances in describing phase equilibria and excess properties using CEOS/G E models. 9−13
EVALUATION OF VOLUMETRIC PROPERTIES

Testing of CEOS and CEOS/G E models
The ability of composition dependent CEOS (vdW1) 14 and CEOS/G E mixing rules (Gupta-Rasmunsen-Fredenslund GRF 15 which incorporates the NRTL equation 16 as the G E model) to correlate the V E of non-electrolyte binary mixtures was investigated. 9 Very complex systems of diverse structure and complexity were selected: monocyclic ether + n-alkane, + 1-alcohol, + cyclohexane, + toluene. A relatively large number of data points (562) over the entire composition range and in the temperature interval 288.15-308.15 K were covered. The complexity of the chosen systems is characterized by their non-ideal behaviour, exhibiting an asymmetric shape of the V E -composition relationship having very small or large excess volumes, etc. The mentioned data base allowed an analysis of several aspects of the properties of the mixtures: the increase/decrease in the number of the carbon atom chain of the alkane or alcohol series; in addition, diverse structures and complexity of the molecular interactions in the liquid mixtures were examined, which accounted for their ability to affect the V E -composition behaviour. The influence of the applied mixing rule (CEOS or CEOS/G E ), as well as the influence of the incorporated temperature dependent interaction parameters, on the correlation of the V E data was tested. [3] [4] [5] 8 The results of the investigation 9 lead to the following conclusions: (a) correlation of the data at a single isotherm can be successfully performed using the vdW1 or GRF models with no-temperature dependent parameters of the NRTL equation; (b) however, for the correlation in a temperature range, the obtained results indicate that incorporation of a more flexible mixing rule, which includes all temperature dependent interaction parameters, should be used.
Critical examination of the applicability of the cubic equations of state (CEOS) mixing rules to the representation of V E data for systems containing dicyclic ethers with alkanes, alcohols and cyclohexane 10 represents a continuation of our effort expended in analyzing V E data for mixtures of monocyclic ethers with various substances reported previously. 9 Twenty four highly non-ideal mixtures, consisting of 593 data points, were included. Sixteen binaries at 298.15 K and eight systems in the temperature range 288.15-308.15 K were analysed. The V E --composition dependence for the binaries with dicyclic ethers, mentioned above, were correlated by the Peng-Robinson-Stryjek-Vera cubic equation of state (PRSV CEOS), 17 coupled with two different classes of mixing rules: (a) the composition dependent van der Waals (vdW1) one-fluid models 14 and (b) two types of the excess free energy mixing rules (CEOS/G E ), the general form based on GRF, 15 as well as the mixing rule of Twu-Coon-Bluck-Tilton (TCBT). 18 Both rules were used with NRTL equation as the G E model.
According to the obtained results, the following evidence were provided: (i) for the correlation of isothermal V E data at 298.15 K using the CEOS mixing rules for the systems of dicyclic ethers with alcohols and cyclohexane, the use of temperature dependent parameters was not necessary; in addition, it was shown that the correlation of V E data from a single isotherm can be successfully performed using the GRF model with no temperature dependent parameters in the NRTL equation; (ii) for correlation of V E data of dicyclic ethers with alkanes in the temperature range 288.15-308.15 K, it was found that the use of the new TCBT model with no temperature dependent parameters was adequate. Alternatively, the GRF mixing rule with all temperature dependent parameters worked satisfactorily.
Binary systems
In this part of research, 1 the effort was directed toward the investigation of the excess molar volume (V E ) of the non-ideal behaviour of two binary mixtures containing alcohol and acetonitrile. The systems methanol + acetonitrile and ethanol + acetonitrile were treated. The density measurements for these systems were performed at 298.15 K and used for the determination of V E over the entire composition range. During mixing with acetonitrile, which contains a proton acceptor group, a part of the alcohol will tend to dissociate and form other kinds of hydrogen bonds within the molecules. The nature of the mixture was investigated over the composition range. The composition dependence of mixtures was fitted by the Redlich-Kister (RK) polynomial equation. 19 It was shown that the V E values for both systems are small and that they rise with increasing length of the alkyl chain in the alcohol.
The excess molar volume for the methanol + acetonitrile system is negative over the entire composition range, tending to be skewed toward mixtures rich in acetonitrile. This could be a consequence of the association between the nitrile group and the proton of the methanol hydroxyl group, outweighing the effect of dissociation of the alcohol molecules.
The V E vs. composition curve for the system with ethanol has a S-shaped form; the V E values are positive in the region of low alcohol concentration, and negative for mole fractions of ethanol higher than 0.35.
The TCBT model was used in an attempt to extend its applicability to the correlation of experimentally obtained V E data, 11 as described in a previous paper (for the acetonitrile + methanol and acetonitrile + ethanol systems). 1 For the system acetonitrile + methanol, the best results of correlation were obtained by employing the TCBT-2, TCBT-3 and TCBT-5 models, having three, four and CEOS, CEOS/G E AND EMPIRICAL MODELS OF MIXTURES 1441 five parameters, respectively. It was shown that improvement of the results by using TCBT-3 and TCBT-5 models was not achieved, comparing to those obtained by the TCBT-2 model. The acetonitrile + ethanol system exhibits S-shaped dependence of V E on composition. It was shown that the models TCBT-2 and TCBT-3 gave similar results. In addition, the results of the correlation showed that a constant value for the parameter α ij = 0.3 should be used.
In conclusion, it can be noticed that, the TCBT models with binary interaction parameters of the vdW fluid gave exceptionally good results for the investtigated systems at 298.15 K.
The increased interest in the determination of excess molar volumes was the encouragement to continue work 9−11 on the improvement of the correlation of V E . Experimental V E data, calculated from density measurements of the systems methanol + benzene, ethanol + benzene, methanol + chlorobenzene and ethanol + chlorobenzene, at the temperatures 288. 15 3 The data of the above-mentioned binaries, measured over the entire composition range at the specified temperatures were fitted to the RK equation, with the optimal number of adjustable parameters used according to the F-test. 20 It was observed that, in all cases, V E increased with increasing temperature. The shape of the V E -composition relationship can be explained qualitatively on the basis of the following opposite effects, predominant in a certain mole fraction region: 21, 22 (a) positive values (in the alcohol lower region) are attributed to rupture or stretch of the hydrogen bonding of self-associated molecules of alcohol; (b) negative values are thought to be due to unlike specific interactions; (c) the geometric fitting of benzene or chlorobenzene into the remaining alcohol structure makes this effect negative to V E . The magnitude and sign of V E are a consequence of the contributions occurring in the investigated mixtures.
Correlation of the V E data was performed using the PRSV CEOS coupled with the vdW1 and CEOS/G E mixing rules introduced by Twu et al. 18 (TCBT). The NRTL equation was used as the G E model. Modelling of the binary V E data was performed based on two approaches: (a) the temperature independent and (b) temperature dependent vdW1 and TCBT mixing rules. Correlation of the V E data by temperature independent PRSV CEOS models showed the following: (i) for the methanol + benzene system, the three parameter TCBT-3 model was superior; (ii) for the ethanol + benzene system, V E correlation with the two and three parameter TCBT models gave better results than the vdW1-3 model; (iii) in the case of the methanol + chlorobenzene system, except for the best TCBT-3 model, all models gave errors which increased with increasing temperature. In addition, the vdW1-3 model can be treated as very satisfactory; (iv) for the ethanol + chlorobenzene system, the vdW1-3 and TCBT models functioned quite similar. Correlation of the V E data by the temperature dependent PRSV CEOS models gave higher errors for the systems with benzene compared to those with chloro-1442 DJORDJEVIĆ et al. benzene, because of the S-shaped V E curves and the considerably lower values of this property. In addition, it could be observed that the three parameter models for both kinds of systems gave better results.
Additional results, related to experimental volumetric determination and thermodynamic modelling based on some CEOS mixing rules for the correlation and prediction of V E data and the limiting partial excess molar volumes (
were also presented. 4 The aim of that investigation was to extend our previous work concerned with the measurements of V E of methanol + chlorobenzene and ethanol + chlorobenzene 3 All the investtigated systems (except 2-methyl-2-propanol + chlorobenzene system) exhibit Sshaped V E -composition relationship (in the temperature range of interest for the present work); the system 2-methyl-2-propanol + chlorobenzene exhibited positive V E values over the entire composition range at each isotherm. Excess molar volumes of the investigated binaries were fitted using the RK equation.
The dependence of V E on both composition and temperature, for the mixtures studied, can be explained qualitatively as a balance between opposite effects. 4 In addition to aspects of the molecular interactions, mentioned above, the obtained results were theoretically discussed in terms of the chain length of the alcohols, degree of branching in the chain and relative position of the alkyl and OH group in the alcohol. As a consequence of increasing temperature, in general, hydrogen bonding becomes weaker; the molecular interaction energy is lower, leading to an increase of the distance between the molecules, causing the volume to increase. The results of this work show that an order of limiting partial excess molar volume (
data by the mentioned thermodynamic method was applied to each binary system separately and corresponding instructions on the best approach for treating particular data sets was proposed. 4 
Ternary systems
Excess molar volume data of the ternary system ethanol + 2-butanone + benzene at 298.15 K, which were not available in the literature, were investtigated. 2 In addition, the corresponding binary V E measurements 2 were compared to the data of other authors reported earlier. 23−27 The binary data were fitted to the RK equation, while for the ternary V E data, the Nagata and Tamura expression (NT) 28 was employed.
The V E data of all three binaries were correlated by the vdW and TCBT mixing rules coupled with the PRSV CEOS. For all systems, the best results were obtained by the three-parameter TCBT-3 model, except for the case of the ethanol + 2-butanone mixture, where the vdW1-3 model gave very good results. Prediction and correlation of the ternary V E data were performed using the corresponding binary parameters. Inspection of the ternary predictions indicates that the use of the vdW1-1 and vdW1-2 models gave fair results, whereas those attained by the vdW1-3 model were very good. Ternary correlation by the TCBT mixing rules, which included a ternary contribution in the NRTL equation, could be estimated as acceptable and mutually very similar.
A systematic study of the excess molar volume for binaries and ternary systems of non-electrolytes was performed. 5 In this work, the densities for the ternary system ethanol + chloroform + benzene and the two corresponding binaries ethanol + chloroform and chloroform + benzene were measured. All these measurements were obtained at the temperatures 288.15, 293.15, 298.15, 303.15, 308.15 and 313.15 K. The related V E data were obtained from the measured densities. As already was mentioned, 3 thermodynamic investigations of alcohol + aromatic systems are of great importance due to their broad industrial application, as well as because of the complex molecular interactions present in these mixtures. Also the influence of the third component, chloroform, on the interaction between the alcohol and aromatic hydrocarbon in the ternary system was studied. 5 The V E of the binary mixtures were fitted by the RK equation and the ternary data with the NT equation, while the Radojković et al. 29 equation was used for the prediction of the ternary data. Correlation of the binary data was performed by the PRSV CEOS using selected mixing rules: (a) the composition dependent vdW1 and (b) the TCBT mixing rules. Prediction of V E of the ternary system was performed by the same vdW1 and TCBT models. For the correlation of the ternary V E data, only the TCBT mixing rules were employed. Inspection of the binary V E data for ethanol + chloroform shows that the V E -composition relationship exhibits S-shape curves; also, an increase of V E with increasing temperature (from 288.15 to 313.15 K) was found. For the system chloroform + benzene, positive values of V E were observed over the entire composition range. The highest values were obtained at 288.15 K.
Factors influencing the behaviour of the excess molar volume have already been discussed in the literature for the binary systems ethanol + benzene 3 and ethanol + chloroform. 30 Particularly, in the case of the chloroform + benzene system, some influences can be mentioned as an explanation of the V E -composition behaviour, for example: (a) the difference between van der Waals volumes 31 of the constituents, (b) the formation of a weak complex between benzene and chloroform 32, 33 and (c) the presence of steric hindrance effects in the mixture. The behaviour of the V E -composition relationship of the ternary system ethanol + chloroform + benzene, in the given temperature range, was discussed in detail. 5 The influence of various factors affecting molecular interactions in the mixture was analysed. It was observed that the highest interactions of the components were obtained when the composition was slightly shifted to a mixture rich in ethanol.
Modelling of the binary V E data was performed for each isotherm separately over the whole temperature range. The results obtained employing the temperature independent PRSV CEOS models indicate that the three parameter models (vdW1-3 and TCBT-3), for both binaries were the best.
For the prediction of ternary V E data at the investigated temperatures, the binary interaction parameters of the CEOS models, generated from binary data, were used. The obtained results show that the predictions corresponding to the vdW1-2, vdW1-3 and TCBT-2 models are qualitatively acceptable and approximate to those obtained by the Radojković et al. 29 equation. Correlation of the ternary V E data was performed only by the TCBT model, which included a ternary contribution parameter in the NRTL equation. Fitting of these data could be regarded as fair and similar.
A continual effort to investigate the volumetric properties of binary and ternary mixtures containing different types of organic solvents frequently used in various industries was described. 6 Thermodynamic investigation of alcohols, chloroform and aromatics, either pure or in mixtures, is of considerable interest due to the complex molecular interactions present in these mixtures. Densities for the ternary system methanol + chloroform + benzene and for the binary system methanol + chloroform at 288. 15 6 From these measurements, the V E data were calculated. The binary V E data were fitted using the RK equation, while the NT equation was used for the ternary data. The root-mean-square deviation (RMSD) between the experimental binary data from those computed using the RK equation were 0.0028×10 −6 m 3 mol −1 to 0.0034×10 −6 m 3 mol −1 , whereas for the ternary system, it was in the range: 0.0035×10 −6 m 3 mol −1 to 0.0040×10 −6 m 3 mol −1 .
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A further contribution to previous research of the volumetric properties of binary and ternary mixtures containing various alcohols, chloroform and benzene was of primary interest. 7 The density of the ternary system 1-propanol + chloroform + benzene, and the binaries 1-propanol + chloroform and 1-propanol + benzene at the temperatures of 288.15, 293.15, 298.15, 303.15, 308.15 and 313.15 K and atmospheric pressure were measured and used for the calculation of V E data. The fitting equations for the correlation of binary and ternary V E data used in the previously discussed work 6 were also employed here. The RMSD of the experimental data from those calculated from the fitting models lay in the ranges: for the 1-propanol + chloroform system, 0.0036 to 0.0038×10 −6 m 3 mol −1 ; for the system 1-propanol + benzene, 0.0033 to 0.0044×10 −6 m 3 mol −1 , whereas the RMSD for the ternary system was in the range 0.0039 to 0.0045×10 −6 m 3 mol −1 .
The density of the ternary mixture 1-butanol + chloroform + benzene and the binaries 1-butanol + chloroform and 1-butanol + benzene were measured at six temperatures in the interval 288.15-313.15 K. 8 The corresponding V E values were calculated from these density measurements and fitted by the polynomial equations: (a) of the RK equation for the binary systems and (b) of the NT equation for the ternary system. Ternary prediction was performed by the equation of Radojković et al. 29 The dependence of V E on composition for the system 1-butanol + chloroform at 288.15, 293.15, 298.15, 303.15, 308.15 and 313.15 K exhibits a S-shaped curve, with a positive maximum and negative minimum values of V E . It was remarked that these values increase with increasing temperature. The V E -composition relationships for the system 1-butanol + benzene show positive values that increase with increasing temperature. A qualitative explanation of the V E -composition relationship could be given on the basis of the opposite contributions, predominating in certain mole fraction regions. 8 The magnitude and sign of V E have been interpreted as resulting from the balance between these effects.
For the investigated ternary system, positive V E were obtained over most of the composition field, except in the region in the vicinity to 1-butanol in binary mixture with chloroform, where the sign was negative. Maximum V E values appear close to the binary chloroform + benzene border, suggesting that the unpacking effect, which is a result of complex formation of chloroform + benzene, and the disruptive effect on the self-associated molecules of 1-butanol are more dominant. In addition, an increase of the maximum values of V E with increasing temperature was remarked, bringing about a diminishing of the negative V E region. Also, the excess molar volume maximum is located approximately near the centre of the triangular diagram.
V E Data were used to test the CEOS and CEOS/G E models for their correlative and predictive abilities. 8 For the correlation of the binary data, PRSV CEOS coupled with temperature independent and temperature dependent mixing rules, the composition dependent vdW1 and the TCBT models, were used. Correlation of the ternary V E data was performed by employing the TCBT model, whereas for ternary prediction the vdW1 and TCBT models were used.
SIMULTANEOUS CORRELATION OF VLE, H E AND E p c
Considering the fact that phase equilibria: vapour-liquid (VLE), liquid-liquid (LLE), gas solubility and excess properties: excess molar enthalpies (H E ), excess heat capacity ( E p c ), excess molar volume (V E ), etc., of liquid systems are of great importance for the design and operation of industrial processes, as well as the fundamental necessity for a better understanding of molecular interactions in fluid systems from the thermodynamic point of view, simultaneous correlation of two (VLE + H E , VLE + E p c and H E + E p c ) and three properties (VLE + H E + E p c ) was carried out. 12 For this purpose, the corresponding data of diethers (1,4-dioxane and 1,3-dioxolane) with n-alkanes (heptane, octane, nonane and decane) were selected. VLE and excess properties (H E and E p c ) for diether + n-alkane systems were simultaneously correlated, 13 employing the CEOS incorporating the activity coefficient model (CEOS/G E ). The approach of Kohler, 34 already used, 35−37 in the form of an empirical equation of the polynomial form, was applied 12 for the simultaneous correlation of the data of the above-mentioned systems. All the coefficients in the expression for the temperature dependent polynomial parameters were generated from the corresponding fits of VLE + H E , VLE + E p c and
The calculation results obtained by the Kohler polynomial model were compared with those corresponding to the previously applied CEOS/G E models (MHV1 and MHV2). 13 The main results of the investigation on the simultaneous correlation of diverse thermodynamic properties by the Kohler polynomial equation (VLE + H E , VLE + E p c and H E + E p c ) for the systems investigated gave very successful results, as was the case with the CEOS/G E models. However, the correlation of three properties (VLE + H E + E p c ) showed that the Kohler model was more suitable than the CEOS/G E models.
Finally, it can be concluded that the simultaneous correlation of three thermodynamic properties should be further investigated because of its importance from the theoretical and practical points of view.
MODELLING OF TERNARIES ALCOHOLS + CHLOROFORM + BENZENE
Correlation and prediction of V E by the vdW1 and TCBT models
The general two-parameter cubic equation of state (CEOS) has the form:
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where P, T, V, and R denote pressure, temperature, molar volume and gas constant, respectively; the CEOS dependent constants u and w for the Peng-Robinson-Stryjek-Vera (PRSV) equation 17 
where T ci and P ci are the critical temperature and critical pressure of component i, respectively, T ri denotes the reduced temperature, T/T ci , ω i is the acentric factor, and k 1i represents the pure substance adjustable parameter. 17 For the determination of the a and b parameters of a mixture, two different types of mixing rules are used: vdW1 and TCBT.
The vdW1 mixing rule 14 is given by the following equations:
where k ij , l ij and m ij are the binary interaction parameters.
The TCBT mixing rule 18 developed for no reference pressure conditions relates the excess molar Gibbs energy, G E , with the excess molar Gibbs energy based on the van der Waals reference fluid (vdW),
where In this paper, the NRTL equation was used as the G E model:
For a binary mixture, the following equations are incorporated exp exp
and for a ternary mixture:
∆g 12 and ∆g 21 are the binary energy parameters and ∆g ijk is the ternary contribution.
For the temperature range, temperature dependent parameters are used in the following manner:
where Y = k ij , l ij , m ij , ∆g 12 and ∆g 21 . The models used here for all calculations were obtained by applying sets of the corresponding equations as listed in the footnotes of the Tables I-IV. In order to obtain the model parameters or coefficients, the Marquardt optimisation technique 38 was used for the minimization of the objective function given by the equation:
The results of the V E calculation were assessed by the RMSD, defined by the equation:
and the percentage average absolute deviation PD(V E ):
In the present paper, modelling of the previously obtained experimental V E data 6,7 for two ternary systems: methanol + chloroform + benzene and 1-propanol + chloroform + benzene and their binary constituents: methanol + chloroform, chloroform + benzene, 1-propanol + chloroform and 1-propanol + benzene, was performed by the PRSV CEOS, coupled with two types of mixing rules: vdW1 and TCBT mixing rules. According to the previously established procedure, the parameters in both mixing rules were employed as: (i) temperature independent (correlation at each temperature) or (ii) temperature dependent (correlation in the temperature range). The values of the model parameters, PD(V E ) and corresponding RMSD for each temperature separately, as well as in temperature range, are given in Tables I and II for the binary systems and in Tables III and IV for the ternary systems. (1)- (7), (13), l ij = 0; b Eqs. (1)- (7), (13); c Eqs. (1)- (11), (13), k ij = l ij = m ij = 0; α ij = 0.3 (found by trial and error and set to 0.3 in all cases); d Eqs. (1)- (11), (13); l ij = m ij = 0; α ij = 0.3.
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Analysing the results obtained for the system methanol + chloroform by the temperature-independent PRSV CEOS models at each temperature, it is evident that only the three parameter TCBT-3 model worked very well, having errors near or below 2 %, while the results obtained by the two parameter vdW1-2 and TCBT-2 models and three parameter vdW1-3 model are unacceptable. The evident superiority of the TCBT-3 model in comparison with the TCBT-2 model, which is unable to fit the shape of the V E -x 1 curve is illustrated in Fig. 1a . Over the entire range of temperature, the correlating results attained by all the temperature independent (Table I ) or temperature dependent (Table II ) models are unsatisfactory. (1)- (7), (13), l ij = 0; b Eqs. (1)- (7), (13); c Eqs. (1)- (11), (13) For the system chloroform + benzene, it can be observed that when the correlation of the V E data was performed at each temperature, the percentage deviations of the CEOS and CEOS/G E models were somewhat higher when the temperature was higher. The two parameter vdW1-2 and TCBT-2 models worked very similar to the three parameter vdW1-3 and TCBT-3 models, respectively, with slightly higher errors. In the temperature range, except for TCBT-2, the applied CEOS and CEOS/G E models gave relatively good results. It is evident from Table II that a significant improvement was achieved when the temperature dependent parameters were introduced only in the TCBT-2 model and partly in the TCBT-3 model, while for the vdW1 models, the errors were slightly better.
For the 1-propanol + chloroform system, it is noticeable that with increasing temperature, the errors incresed as well, except for the vdW1-3 model which be-comes dominant at higher temperatures. The two parameter vdW1-2 and TCBT-2 models are not suitable at higher temperatures for the correlation of the V E data for this system. A comparison between the experimental results (RK equation) and the correlating results obtained by the vdW1 and TCBT models at 288.15 and 313.15 K is shown in Fig. 1b . At 288.15 K, the V E -x 1 curve obtained by the TCBT-2 model cannot satisfactorily describe the S-shape of the experimental values, especially in the extremities, while the TCBT-3 model is more successful. At 313.15 K, the dominance of the vdW1-3 over the vdW1-2 model is evident. In the range of temperature, three parameter models worked better than the two parameter models, but also unsatisfactorily, irrespective of whether temperature dependent parameters were used or not.
When the correlation of the V E data was performed for 1-propanol + benzene system, at each temperature, relatively similar result around 3 % was obtained with vdW1-3, and both TCBT models, while two parameter vdW1-2 model gave some higher errors. In the temperature range, two parameter temperature independent vdW1-2 and TCBT-2 models worked considerably poorer than three parameter vdW1-3 and TCBT-3 models. Also, it is evident from Table II that considerable improvement was achieved by introducing temperature dependence in vdW1-2 and TCBT-2 models.
Prediction of V E for the ternary systems methanol (1) + chloroform (2) + benzene (3) and 1-propanol (1) + chloroform (2) + benzene (3) at each temperature over the entire temperature range was performed using the CEOS and CEOS/G E models, with the binary interaction parameters of these models generated from appropriate binary data. From Table III it is evident that, for both systems, the applied CEOS/G E models are not suitable for this type of thermodynamic modelling. Much better, but still not acceptable results, were obtained by the vdW1-3 model, while only the simplest vdW1-2 model in the case of the 1-propanol (1) + chloroform (2) + benzene (3) system achieved good results. Correlation of ternary V E data for these systems was performed using TCBT models adding the ternary contribution in the interaction parameters. Comparing the results obtained by the TCBT-2 and TCBT-3 models for both systems, it is evident that the TCBT-3 model worked slightly better at each temperature and in the temperature interval. e prediction of V E using temperature independent binary parameters; f prediction of V E using temperature dependent binary parameters; g High value 
Prediction of V E by empirical models
An attractive alternative to the CEOS and CEOS/G E models is the prediction of V E for multicomponent systems performed by empirical equations existing in the literature.
Frequently used expressions for these models are as follows: 2  2  2  123  1  2  12  1  2  1  3  13  1  3  2  3  23  2  3 ( , ) ( , ) ( , )
Kohler's equation is symmetric, treating all binaries identically. The mole fractions in binary contributions are ( ) viii) The Rastogi model 44 1  2  12  1  2  1  3  13  1  3  2  3  23  2  3 0.5 ( , ) ( , ) ( , )
where ( ) The best agreement with experimental V E data for the system 1-propanol + + chloroform + benzene, as shown in Table V , was achieved by the asymmetric models: the a-type of Scatchard and the a-type of Toop, having in both cases 1-propanol as the asymmetric component. Satisfactory results were obtained using the symmetric models of Radojković, Kohler, Jacob-Fitzner and Colinet. All other asymmetric equations worked very poorly, whereas the worst predictions were obtained with the symmetric Rastogi model. It can be concluded that for both studied ternary systems, the majority of the examined predictive models gave adequate predictions of V E from the data of their binary sub-systems.
Comparison of the results achieved by the empirical models and the CEOS and CEOS/G E models leads to the following remarks: for the methanol + chloroform + benzene system, the results obtained by both CEOS models (vdW1-2 and vdW1-3) are of the same quality compared with those attained by the majority of the empirical models (an exception is the a-type Tsao-Smith model). For the 1-propanol + chloroform + benzene system, the vdW1-2 model worked signifycantly better than the vdW1-3 one and all empirical models. The applied CEOS/G E models, as it was already mentioned, are not suitable for this type of estimations for the ternary systems examined here.
CONCLUSION
In the last decades, powerful thermodynamic models (G E , CEOS, polynomials, etc.) have been developed. Firstly, the achievement was mainly directed to the correlation, prediction, cross prediction and simultaneous fitting of VLE, LLE, H E , E p c , etc. However, until the employment of CEOS/G E models, which are no longer limited to non-polar systems, the range of applicability could not be extended to very complex mixtures with polar components over wide ranges of pressure and temperature, including the critical region. This rapid progress was imposed by a specific behaviour of G E on the CEOS model through its additional flexible mixing rules. The accurate results of the CEOS/G E models, such as the TCBT-3 model, used in correlating and predicting V E for diverse, strongly non-ideal systems over a large range of temperature, are very promising. In addition, the range of their applicability could be extended to other thermodynamic properties (H E , E p c , etc.) and, as the most important, to mixtures which hitherto could not be successfully represented by CEOS. Based on the results of this study, it can be concluded that the CEOS/G E mixing rules have an advantage over the vdW1-one fluid mixing rules for almost all the here investigated binary and ternary systems and in some cases the improvement was quite significant. The results obtained using the TCBT model with an insignificant change of parameters, generated from an individual isotherm, support the opinion that the influence of temperature on the CEOS/G E parameters is reduced, enabling extrapolation over wider ranges of temperature. A number of the examined empirical models, especially some of the asymmetric ones, such as Tsao-Smith, Toop and Scathhard, allowed adequate prediction of V E of ternary mixtures from the data of binary subsystems. However, the reliability that most of the empirical polynomials employed exhibited suggests that no unique equation can represent the diverse types of complex systems. Иако су правила мешања базирана на кубним једначинама стања и van der Waals-један флуид правилу мешања, која укључују температурно зависне параметре, довољна за прора-чун равнотеже пара-течност и допунских својстава (допунска моларна енталпија H E , допун-ска моларна запремина V E , итд.), проблеми настају при корелисању и предсказивању термо-динамичких својстава сложених смеша у различитим интервалима температуре и притиска. Велики напредак је остварен приступом базираном на CEOS/G E моделима. Овај рад пред-ставља преглед доприноса у последњих шест година наше истраживачке групе у модело-вању волуметријских својстава сложених бинарних и тернерних система неелектролита по-моћу CEOS и CEOS/G E приступа. Посебно, vdW1 и TCBT модели су примењени за израчу-навање V E података тернерних система метанол + хлороформ + бензен и 1-пропанол + хло-роформ + бензен, као и одговарајућих бинарних система метанол + хлороформ, хлороформ + + бензен, 1-пропанол + хлороформ и 1-пропанол + бензен у интервалу температуре 288.15--313.15 K и на атмосферском притиску. Такође, извршено је и предсказивање V E података за оба тернерна система емпириjским моделима (Radojković, Kohler, Jackob-Fitzner, Colinet, Tsao-Smith, Toop, Scatchard и Rastogi). (Примљено 15. августа 2007) 
